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(54) Microphone with Improved sound inlet port 

(57) A mterophone (10) comprises a housing (12) 
defining an inner volume and including a first exterior 
surface with an aperture (28) or (60) leading to the inner 
volume. The microphone (10) includes a transducing 
assembly within the housing for converting sound into 
an electrical signal. A sound inlet plate (50) defines, typ- 
ically in combination with the first exterior surface, a pas- 



sageway for transmitting sound to the aperture. The 
passageway receives the sound from an opening (56) 
in the sound inlet plate (50)/The opening (56) is offset 
from the location at which the aperture (28) or (60) is 
positioned on the exterior surface. The sound inlet plate 
(50) is made very thin so that It does not extend sub- 
stantially away from the housing (12). 
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Description 

FIELD OF THE INVENTION 

[0001] The presentinvenlion relates generally to eiec- s 
troacoustic transducers and, in particular, to a micro- 
phone or listening device with an improved sound inlet 
port. 

BACKGROUND OF THE INVENTION ^0 

[0002] Miniature microphones, such as those used in 
hearing aids, convert acoustical sound waves into an 
audio signal, which is processed (e.g., amplified) and 
sent to a receiver of the hearing aid. The receiver then J5 
converts the processed signal to acoustical sound 
waves that are broadcast tov/ards the eardrum. In one 
typical microphone, a moveable diaphragm and a 
charged backplate convert the sound v/aves Into the au- 
dio signal. The diaphragm divides the inner volume of 20 
the microphone into a front volume and a rear volume. 
Sound v/aves enter the front volume of the microphone 
via a sound inlet. 

[0003] Most prior art microphones, such as the prior 
art microphone of FIG. 1, have a sound inlet that in- 2s 
eludes a large inlet nozzle for receiving sound from the 
ambient environment. The targe dimensions of the inlet 
nozzle can be a problem because hearing aids often 
have very limited space. 

[0004] Further, the front volume and back volume 50 
within the microphone housing are typically of different 
sizes, causing the inlet nozzle. vMch is. placed near the 
front volume, to be located asymmetrically on one of the 
exterior surfaces. Mounting a microphone having an in- 
let nozzle asymmetrically located on its exterior surface 35 
can be problematic in some types of hearing aids be- 
cause the inlet nozzle must be aligned with the hearing 
aid's opening to the ambient environment in the hearing 
aid while the microphone is positioned in a spatially con- 
strained location. 

SUMMARY OF THE INVENTION 

[0005] The present invention solves the aforemen- 
tioned problems by providing a novel sound inlet plate 
that mates with the microphone. The microphone com- 
prises a housing with an inner volume and a first exterior 
surface with an aperture leading to the inner volume. 
The microphone includes a transducing assembly within 
the housing for converting sound into an electrical sig- so 
nal. 

[0006] The Inventive sound inlet plate is mounted on 
the first exterior surface and defines (possibly in combi- 
nation with the first exterior surface) a passageway for 
transmitting sound to the aperture leading to the Inner 55 
volume. The passageway receives the sound from an 
opening in the sound inlet plate, the opening being offset 
from the location at which the aperture is positioned on 



the first exterior surface. The sound inlet plate Is made 
very thin so that it does not extend substantially away 
from the housing. Further, the location of the opening of 
the sound inlet can be offset to a more desirable posrtton 
{e.g., the midpoint of the microphone exterior surface) • 
to ease Installation of the microphone in the hearing aid. 
[0007] The inventive sound In let plate is useful on om- 
ni-directional and directional microphones. 
[0008] The above summary of the present invention 
IS not intended to represent each embodiment, or every 
aspect, of the present invention. This is the purpose of 
the Figui-es and the detailed description which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing and other advantages of the in- 
vention will become apparent upon reading the foltowing 
detailed description and upon reference to the drawings. 

FIGS. 1 A and IB illustrate a prior art rnlcrpphone. 
FIG. 2A is a front view of a sound inlet plate accord- 
Ing to the present invention. 
FIG. 2B is a cross-sectional view of the sound inlet 
plate of FIG. 2A. 

FIG. 3 Is a cross-sectional view that Illustrates the 
plate of FIG. 2 mounted on a microphone. 
FIG, 4 is an isometric view of a sound inlet plate 
mounted on a microphone accordingto another em- 
bodiment of the present invention. 
FIGS. 5A and SB illustrate another embodiment of 
the present invention wherein a sound inlet plate is 
used on a directional microphone. 

[0010] While the Invention is susceptible to various 
modifications and alternative forms, specific embodi- 
ments have been shown by way of exarriple in the draw- 
ings and will be described In detail herein, it should be 
understood, however, that the invention is not intended 
to be limited to the particular fonns disclosed. Rather, 
the invention is to cover all modifications, equivalents, 
and alternatives falling within the spirit and scope of the 
invention as def ined by the appended claims. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0011] FIGS. 1A-1B illustrate a typical prior art micro- 
phone 1 0. The microphone 1 0 includes a case or hous- 
ing 12. a cover 14, and a sound inlet nozzle 16 through 
which sound enters the housing 12. Within the housing 
12, a backplate 1 8 having acharged electret layerworics 
in conjunction with a moveable diaphragm 20 to convert 
(I.e., transduce) the sound into an electrical signal. The 
combination of the backplate 1 8 and the diaphragm 20 
Is generally referred to as an electret-type transducing 
assembly 21, although the present invention is useful 
with other types of transducing assemblies, as well. 
[0012] A printed circuit board 22 Is mounted on a 
mounting plate 24. The signal Irom the transducing as- 
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sembty 21 Is sent to the printed circuit board 22 via a 
wire connection 23, The signal is processed on the print- 
ed circuit board 22 (e.g.. amplified) to produce an output 
signal Because only a portion of the printed circuit 
board 22 is covered by the cover 14, one of the set of 
contacts 25a (FIG. 1 B) on the printed circuit board pro- 
vides the output signal trom the microphone 10. The oth- 
er two contacts 25b, 25c (FIG. 1B} are a ground con- 
nection and an input power connection, respectively. 
[0013] In this typical prior art microphone 10, sound 
reaches the Interior of the housing 1 2 via the sound inlet 
nozzle 1 6 and the aperture 28. The inlet nozzle 1 6 may 
have a screen 29 to provide dampening and to serve as 
a shield for keeping foreign objects from entering the 
housing 12. Within the housing 12, the sound propa- 
gates through a front volume 30 and acts upon the dia- 
phragm 20, which separates the front volume 30 from a 
back volume 32. The diaphragm 20 moves relative to 
the backpiate 18 in response to the sound causing the 
backpiate 18 to generate the. electrical signal conre- 
spondlng to the pressure change associated with the 
sound. 

(0014] One embodiment of the present invention is 
disclosed in FIGS. 2A and 2B. A cup-shaped sound in- 
put plate 50 includes an outer wail 52 and an interior 
recess 54. A sound port 56, which is an opening in the 
outerwa]l52, leads to the interior recess 54. The interior 
recess 54 is configured to be large enough to overlap 
with an aperture 60 (shown in dashed lines) in the hous> 
ing of a mfcrophone leading to the transducing assem- 
bly, like the aperture 28 in FIG. 1 A. Because the plate 
50 is designed for miniature microphones, the largest 
dimensions of the plate 50 are on the order of millime- 
ters. By way of example oniyi the plate 50 in FIG, 2 may 
have a width of about 2 mm to 3 mm and a height of only 
about 1 mm. The overall thickness is less than 0.5 mm 
and the interior recess 54 has a depth that is between 
0,1 mm and 0.2 mm. The area of the sound Inlet port 56 
is generally less than about 0.5 mm^ and typically about 
0,2 mm2 to about 0.3 mm^. 

[0015] FIG. 3 illustrates the sound inlet plate 50 of 
FIG. 2 mounted on a microphone 1 1 0, which is substan- 
tially identical to the microphone 10 of FIG. 1 , but in- 
cludes tOO-series reference numerals. The microphone 
110 includes a housing 112 and a cover 1 1 4 for the hous- 
ing 112. The housing 112 Includes an aperture 128 that 
transmits soundto the transducing assembly 121 , which 
divides the interior of the housing 112 into a front volume 
130 and a back volume 132. The sound inlet plate 50 
can be welded to the housing 112 or attached via an 
adhesive or glue. 

[0016] In operation, the sound inlet plate 50 .receives 
sound through the sound inlet port 56 in its exterior wall 
52. The sound propagates through a passageway 135 
that is defined by the interior recess 54 of the plate 50 
and the exterior wall of the housing 112 adjacent to the 
aperture 128. Eventually, the sound is transmitted 
through the aperture 12S and acts upon the transducing 



assembly 121. 

[0017] Unlike prior art systems where the sound inlet 
extends substantially away from the housing of the mh 
crophone (such as the nozzle 16 in FIGS. 1A and IB), 

5 the sound inlet plate 50 only protrudes slightly away 
from the housing 112. One design aspect leading to the 
minimal protrusion feature of the plate 50 is the tact that 
the sound port 56 is simply an opening or hole in the 
outer wall 52. For example, in one embodiment, the 

10 plate 50 protrudes less than 0.5 mm from the housing 
1 1 2 and. preferably, about only 0.3 mm from the housing 
112. Relative to the housing 112. the thrckness of the 
plate 50 is usually less than approximately four times 
the wall thickness of the housing 112 and, preferably, 

is only about twice the wall thickness of the housing 112. 
as shown in the cross^sectiona! views of FIGS. 2B and 
3. Thus, the microphone 110 has a mora compact de- 
sign as compared with the prior art microphone 1 0 of 
FIG. 1. 

20 10018] Anotherbenefit pfthe design of the sound Inlet 
plate 50 is that it can be designed to provide a sound 
passageway leading from a hearing aid sound recepta- 
cle that is offset from the aperture 128 in the housing 
112. In other words, the hearing aid's sound receptacle 

25 receiving sound from the ambient environment may not 
be In alignment with the aperture 128 in the housing 112. 
By locating the sound port 56 at a point on the exterior 
wall 52 of the sound inlet plate 50 that Is in alignment 
with the hearing aid's sound receptacle, the Interior re« 

30 cess 54 and the exterior surface of the housing 112 im- 
mediately adjacent thereto define an appropriate pas- 
sageway 135 leading to the aperture 128. In sum, the 
sound port 56 can be vertically and/or horizontally offset 
from the s^rture 128 in the housing 112. 

35 [001 9] Further, because the perfomnance of some mi- 
crophones dictate ^at the front volume 130 be a much 
smaller size than the back volume 132, the aperture 12B 
is usually near a comer of a surface of the housing 11 2. 
substantially offset from the central region on. the exte- 

^0 riorsurfaceof the housing 11 2. Thus, a sound Inlet plate 
50 can be selected for a partrcular microphone 1 1 0 so 
as to locate the sound inlet port 56 in the central region 
of the microphone 11 p, providing more symmetry to the 
location of the sound inlet relative to that exterior surf ace 
of the microphone 110. This can facilitate easier orien- 
tation of the microphone 110 while it Is being mounted 
within the hearing aid. 

[0020] A further benefit is that a manufacturer of mi- 
crophones may need only one style of a sound inlet plate 

so 50 for one or more types of microphones. The manufac- 
turer can then maintain a large inventory of such plates 
SO that lackthe sound inlet port 56. Once a design spec- 
ification or order Is received from a hearing aid manu- 
facturer dtetating the offset of the soundlnlet port 56 rel- 

55 ative to the aperture 128, the manufacturer can then 
fomn the sound inlei ports 56 in the plates 50 at the ap- 
propriate position in the exterior wall 52. 
[0021] Additionally, the sound inlet plate 50 can bede- 
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signed to have an acoustic inenance that helps to damp- 
en the peak frequency response of the microphone 1 10. 
This can be accomplished by locating the sound inlet 
port 56 at a certain location relative to the aperture 126 
and/or by providing a specific configuration to the inte- 
rior recess 54. For example, instead of the recess 54 
having the shape of a rounded rectangle, as shov/n in 
FIG. 2A, it could have an "S" shape, "C" shape, or any 
other type of shape that creates an elongated, narrow 
passagev^ay leading to the aperture 128 in the housing 
110. This passageway(s) can be in series or in parallel 
when leading to the aperture 128, so as to have a spe- 
dfic effect on the overall frequency response of the mi- 
crophone 110. Alternatively, the depth of the interior re- 
cess 54 can be modified as well to affect the frequency 
response, and possibly be variable along the passage- 
way that leads from the sound inlet port 56 to the aper- 
ture 128 of the housing 112. Further, although the size 
of the sound iniei port 56 is shown in the Illustrative em- 
bodiment as being approximately the. same size as the 
aperture 128 in the housing 112 (or aperture 60 in FIG. 
2), the size of the sound inlet port 56 can be altered, as 
well. And, like the prior art microphone 1 0 in FIG. 1 . the 
Interior recess 54 may include a dampening material, 
such as a screen. 

[0022] The exterior of the sound inlet plate 60 can 
have various shapes to accommodate different micro- 
phones 110 to which It is mounted. For example, FIG. 4 
illustrates an alternative microphone 21 0 having a hous- 
ing 212, but lacking a cover (like cover 114 In FIG. 2). 
The microphone 210 has a sound inlet plate 250 that 
has more of a flattened, ovular shape, which is different 
from the rounded rectangular shape of the plate 50 in 
FIG. 2A. 

[0023] Additionally, the sound inlet plate may extend 
over two or more exterior housing surfaces such that the 
sound Inlet port on the plate Is adjacent to an exterior 
surface on the housing (or cover) that is perpendicular 
to the exterior surface on the housing where the aper- 
ture leading to the front volume is located. Further, the 
sound inlet plate may define the sound passage by itself 
{i.e., the housing does not assist in defining the pas- 
sageway) by including an interior wall opposite the ex- 
terior wall 52 that includes the sound port. Such an in- 
teriorwould contact the housing of the microphone. And, 
while the present invention has been described with re- 
spect to a microphone, it can be used on other electroa- 
coustic transducers, such as a receiver. 
[0024] FIGS. 5A and 5B Illustrate the invention in con- 
junction with a directional microphone 310. The direc- 
tional microphone 31 0 includes a housing 312 with two 
apertures 328a. 328b for passing sound into the inner 
volume on both sides of the transducing assembly. A 
sound inlet plate 350 includes two recesses 354a. 354b 
for placement over respective ones of the apertures 
328a, 328b. Two sound ports 356a. 356b lead into re- 
spective ones of the apertures 328a, 32Bb. 
[0025] The sound inlet plate 350 can be designed to 



Increase or decrease the spacing between the sound 
ports 356 without changing the spacing between the ap- 
ertures 328 to affect the perfonnance of the directional 
microphone 310. Additionally, the plate 350 can be 

5 fonned around a plurality of exterior surfaces on the 
housing 312 {e.p,. having an "U" shape while fitting on 
two exterior surfaces). And. the recesses 354a, 354b 
can be independently designed to attain a certain (and 
different, if so desired) acoustical characteristic {e.g., 

10 acouslical inortance) in each recess 354. Finally, the 
plate 350 can be replaced by two independent plates, 
each of which leads to a corresponding one of the two 
sound inlet ports 356. 

[0026] While the present invention has been de- 
13 scribed with reference to one or more particular embod- 
iments, those skilled in the art syill recognize that many 
changes may be made thereto without departing from 
the spirit and scope of the present Invention. Each of 
these embodiments and obvious variations thereof is 
20 contemplated as falllrig within the spirit and scope of the 
claimed Invention, which is set forth In the following 
claims. 



1. A microphone, comprising: 

a housing defining an inner volume and includ- 
30 Ingaflrst exterior surface with an aperture lead- 

ing to said Inner volume; 
a transducing assembly within said housing for 
converting sound into an electrical signal; and 
a plate attached to said first exterior surface 
35 over said aperture and including a sound Inlet 

port, said plate defining apassageway between 
said sound Inlet port and said aperture for 
transmitting said sound to said Inner volume, 
said passageway having a portion that trans- 
40 mits said sound i n a direction generally parallel, 

wi th said exterior surfa ce. 

2. The microphone of claim 1 , wherein said aperture 
is near a comer of said housing and said sound inlet 

45 port is offset from said apert:u re toward a central re- 
gion of said housing. 

3. The microphone of claim 1 , wherein said passage- 
way defined by said plate is elongated. 

so 

4. The microphone of claim 1 , wherein said passage- 
way Is also defined by said first exterior =surface. 

5. The microphone of claim 1 . wherein saidplate has 
55 a cup shape. 

6. The microphone of claim 5, wherein said cup shape 
has a base wall and said sound inlet port is in saki 
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base wall, 

7. The microphone of claim 1 . wherein said sound inlet 
port has an area that is approximately the same as 

an area of said aperture. 5 

8. The microphone of claim 1 . wherein said plate pro- 
trudes away from said exterior surface of said hous- 
ing by a distance that is less than about 0.5 mm. 

to 

9. The microphone of claim 1 .wherein said sound inlet 
port is on a surface of said plate that Is generally 
parallel with said exterior surface. 

10. The microphone of claim 1, wherein said plate is is 
designed so thai said passageway has an acousti- 
cal inertance for achieving a selected dampening of 

a frequency response of sard microphone. 

1 1 . The microphone of claim 1 , wherein said sound inlet 20 
port is vertically or horizontally offset from said ap- 
erture in said first exterior surface. 



sageway for transmitting sound between said 
aperture and an opening In said plate that is off- 
set from said aperture. 

•17, A method of assembling a microphone, comprising; 

positioning a transducing assembly .within a 
housing of said microphone, said housing In- 
cluding an aperturethrough which sound pass- 
es leading to said transducing assembly; and 
attaching a sound inlet plate to said housing, 
said sound inlet plate including an interior re- 
cess positioned over said aperture and an ex- 
terior wall, said exterior wall having an opening 
leading Into said recess, said opening being 
vertically or horizontally offset from said aper- 
ture. 

18. The method of claim 17, wherein said sound inlet 
plate protrudes from said housing by a distance of 
less than 0.5 mm. 



12. The microphone of claim 1 , wherein said plate pro- 
trudes away from said first exterior surface of said 2S 
housing by a distance that is less than tour times a 
wall thickness of said housing. 

13. The microphone of claim 1 2, wherein said plate pro- 
trudes away from said first exterior surface by about 
0.3 nrarn. 



14. The microphone of claim 1, wherein said micro- 
phone.isa directional microphone and said housing 
includes a second aperture, said plate Including a 35 
second sound inlet port and defining a second pas- 
sageway leading from said second aperture to said 
second sound inlet port. 

15. The microphone of claim 1, wherein said micro- 
phone is a directional microphone and said housing 
includes a second aperture, and further including a 
second plate inciuding a second sound inlet port 
and defining a second passageway leading from 
said second aperture to said second sound inlet 
port. 

16. An electroacoustic transducer, comprising; 

a housing defining an inner volume and includ- 
ing a first exterior surface with an aperture 
therein; 

a transducing assemi^ly within said housing tor 
transducing between an acoustic signal and an 
electrical signal; and ^ 
a plate located on said first exterior surface and 

over said aperture, said piate, In combination 
with said first exterior surface, defines a pas- 
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